Abstract The international randomised targeted intraoperative radiotherapy (TARGIT) trial has demonstrated evidence of non-inferiority between the novel technique of TARGIT (intra-operative radiotherapy with Intrabeam Ò ) and conventional external beam radiotherapy (EBRT) in women with early breast cancer in terms of the primary outcome measure of risk of local relapse within the treated breast. Cosmesis is an increasingly important outcome of breast conserving treatment with both surgery and radiotherapy contributing to this. It was unknown if the single high dose of TARGIT may lead to damaging fibrosis and thus impair cosmesis further, so we objectively evaluated the aesthetic outcome of patients within the TARGIT randomised controlled trial. We have used an objective assessment tool for evaluation of cosmetic outcome.
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Frontal digital photographs were taken at baseline (before TARGIT or EBRT) and yearly thereafter for up to 5 years. The photographs were analysed by BCCT.core, a validated software which produces a composite score based on symmetry, colour and scar. 342 patients were assessed, median age at baseline 64 years (IQR 59-68). The scores were dichotomised into Excellent and Good (EG), and Fair and Poor (FP). There were statistically significant increases in the odds of having an outcome of EG for patients in the TARGIT group relative to the EBRT group at year 1 (OR 2.07, 95 % CI 1.12-3.85, p = 0.021) and year 2 (OR 2.11, 95 % CI 1.0-4.45, p = 0.05). Following a totally objective assessment in a randomised setting, the aesthetic outcome of patients demonstrates that those treated with TARGIT have a superior cosmetic result to those patients who received conventional external beam radiotherapy.
Introduction
Breast cancer is a global problem and its incidence has had an annual rate of increase of 3.1 % from 1980 to 2010 [1] . During this time, the surgical treatment of early breast cancer has moved from radical to minimally invasive; that is, from mastectomy to breast conserving surgery. The benefits of this approach have been proven in randomised controlled trials [2, 3] .
However, radiotherapy treatment continues to involve irradiation of both the tumour bed and the whole breast. Recent data from the randomised controlled trial of targeted intraoperative radiotherapy (TARGIT) has confirmed that, in selected women with early breast cancer, the technique of intra-operative radiotherapy (IORT) using the TARGIT technique is safe and as effective as conventional external beam radiotherapy to the whole breast [4] . In this approach, therapeutic irradiation is delivered to the tumour bed from within the breast after wide local excision using a portable radiotherapy device.
With improvements in survival of patients with breast cancer [5] , the aesthetic outcome has become an increasingly important consideration. Radiotherapy can cause significant differences in colour such as hyperpigmentation of the breast, hypopigmentation of the nipple-areola complex and telangiactesia [6] . Moreover, surgery and radiotherapy-associated fibrosis can impact on symmetry without impairing the size of the breast by causing upward retraction of the inferior mammary sulcus and/or the nipple-areola complex [7] . A variety of methods for determining cosmetic outcome have been used. A subjective, overall cosmetic score classifying outcome as excellent, good, fair and poor was described in 1979 by Harris et al. [8] . The first attempt at an objective measurement of the cosmetic result after breast surgery was the breast retraction assessment (BRA) method introduced in 1985 by Pezner et al. [7] . In 2007, two groups took this approach further and developed software using digital images of patients to evaluate the cosmetic results of breast conservative treatment. Fitzal et al. [9] applied a Breast Analysing Tool (BAT) which analysed symmetry differences from both breasts. Cardoso et al. [10] developed a software programme Breast Cancer Conservative Treatment. cosmetic results (BCCT.core) which combines various objective measures of asymmetry, skin colour and scar, resulting in an overall cosmetic score based on the classification system of Harris et al. [8] which was subsequently validated [11] . BCCT.core allows reproducible, objective aesthetic evaluation of breast cancer conservative treatment from digital photographs [11] .
We used BCCT.core to objectively evaluate the aesthetic outcome of patients within the TARGIT randomised controlled trial.
Materials and methods
Patients enrolled from two centres participating in the TARGIT randomised trial who underwent breast conserving surgery and radiotherapy were included in this study. Patients were randomized to receive either IORT by the Intrabeam Ò (Carl Zeiss, Germany) device (20 Gy to surface of tumour bed equivalent to 5-6 Gy at depth of 1 cm from surface of the applicator) or the conventional 3-5 week external beam radiotherapy as per local protocol. Patients' demographics and tumour characteristics are summarised in Table 1 .
The TARGIT technique has been described earlier [4] . Briefly, the entire radiation therapy is delivered to the tumour bed in a single fraction at the time of surgery, following the removal of the breast cancer. An applicator of appropriate size is placed directly into the lumpectomy cavity and radiotherapy is given to the tissue which is most susceptible to the tumour recurrence, while sparing the surrounding tissue away from the tumour from the effects of radiation. TARGIT can be given either pre-pathology (at the same time as the wide local excision) or post-pathology (where the wide local excision is performed first, then TARGIT given in a subsequent procedure after histopathology review). All patients in this study were in the postpathology cohort.
When the TARGIT trial patients were willing to provide consent to have photographs taken for the cosmesis study, digital photographs were taken according to the written protocol at baseline (prior to TARGIT or EBRT) and yearly thereafter for up to 5 years. Frontal views were used to analyse the cosmetic outcome by applying the BCCT.core software (BCCT.core 2.0, INESC Porto, Portugal) (Fig. 1) .
BCCT.core introduces user-independent evaluation of results preceded by automatic localisation of fiducial points (nipples, breast contour and sternal notch) on digital photographs. It objectively evaluates asymmetry, colour change and scar. Asymmetry between breasts is evaluated using several indices (e.g. breast retraction assessment, difference in lower breast contour levels, upward nipple retraction, breast compliance evaluation, breast contour length difference, breast area difference and breast overlap difference). To extract colour features of each breast, a histogram analysis is carried out followed by an evaluation of dissimilarity. Scar visibility is translated into local colour dissimilarity, by comparing corresponding breast sectors [11] . All measures of individual aesthetic characteristics are automatically assessed and reported. Results are translated according to Harris scale categories: Excellent (treated breast nearly identical to untreated breast), Good (treated breast slightly different from untreated breast), Fair (treated breast clearly different from untreated breast, but not seriously distorted) and Poor (treated breast seriously distorted) [8] (Fig. 2) .
Our study has been planned and executed in line with the declaration of Helsinki (2002), and local ethical approvals were in place before commencement. Written informed consent was obtained by all patients prior to enrolment in the study.
Some photographs could not be assessed for technical reasons such as poor lighting or the presence of dressings, those who withdrew consent for further follow-up and patients for whom there was not at least one assessable photograph at year one or later. Other exclusions included: previous contralateral breast cancer (n = 25), presence of blue dye from sentinel lymph node (n = 3), mastectomy (n = 2), breast reconstruction (n = 2), recurrent disease (n = 2) and one patient who died.
Statistical analysis
Analysis was according to treatment received (TARGIT or EBRT).The cosmetic outcome scores were dichotomised into Excellent and Good (EG), and Fair and Poor (FP). A generalised estimating equation (GEE) regression model was used to compare the cosmetic outcome scores between treatment groups. An additional analysis was done controlling for confounding variables (tumour size, tumour grade and age of the patient), as these factors have been recognised to influence cosmetic results after conservation therapy for breast cancer [12] . For each year of assessment, a logistic regression model was used to compare the cosmetic outcome scores between treatment groups controlling for confounding variables. Odds ratios and 95 % confidence intervals for the odds ratios are presented. For the component BCCT indices, a delta measure (difference between baseline and each subsequent visit) was calculated for each treatment group. The comparison of treatment group for each delta was conducted using Student's t test. The trend for change over time for each delta was assessed using linear mixed model, defining treatment, time and interaction as fixed effects and the patient as a random effect. Fig. 4a . A detailed analysis of the component indices used to compile the overall score indicated significant differences in some measures (see Web Table 1 ). One measure of asymmetry, lower breast contour (Fig. 4b) , was greater in the EBRT arm throughout the whole follow-up period of five years. Significant differences in a measure of colour (cX2b, see Fig. 4c ) and scar (sEMDb, Fig. 4d) , were observed, which were greatest in the first year following treatment; the differences tended to diminish over time, so that by year four the changes in the EBRT group had returned to baseline. The effectiveness of the a* channel to capture skin colour changes due to radiotherapy in BCCT has already been reported [13] . Higher dissimilarity values in the a* channel correspond to higher changes in the redness/greenness of the skin. This suggests that the main determinants of the difference in cosmetic outcome between the groups are asymmetry and colour (redness).
As there were only eight patients who received both IORT and EBRT in our study, their objective outcome assessment did not show any statistical significant result (see WEB Table 2 ).
Discussion
TARGIT is an international randomised clinical trial designed to test the hypothesis that the strategy of delivering a single dose of TARGIT to the tumour bed in patients eligible for breast conserving treatment is equivalent in terms of safety and effectiveness to a conventional course of whole breast external beam radiotherapy (EBRT) [4] . Cosmetic results have become an outcome of major importance following breast conserving surgery, since the Fig. 2 Examples of cosmetic assessment *Excellent (treated breast nearly identical to untreated breast), Good (treated breast slightly different from untreated breast), Fair (treated breast clearly different from untreated breast, but not seriously distorted) and Poor (treated breast seriously distorted) oncological outcome has proved to be similar to mastectomy in large randomised controlled trials [2, 3] .
Conventional methods for aesthetic evaluation of breast conserving surgery include assessment of patient's appearance directly, or through photographs, by one or more observers. To date, there is no standardized objective tool to assess the cosmetic outcome of breast conserving treatment [14] .
A couple of software tools have been recently applied in an effort towards objective evaluation of the surgical outcome; breast analyzing tool (BAT) and BCCT.core software. A relatively recent comparison of them on the same set of cases showed a similar performance on low-quality images and a superior performance of the BCCT.core software on higher quality images. This was attributed to the inclusion of colour and scar features [15] .
Recent, as well as, ongoing trials evaluating the results of various radiotherapy protocols including intraoperative methods use subjective tools for assessing the aesthetic outcome [16] [17] [18] [19] [20] . Our objective evaluation indicates that cosmetic outcome of patients treated with IORT if given as a second procedure (post-pathology) in selected patients with low-risk breast cancer is significantly better than those treated with EBRT, a difference which can be seen by the first year (Fig. 4a) . The difference continues into the 2nd year and from the 3rd year onwards the EBRT group catches up with the TARGIT group, which tends to remain at baseline levels. A possible explanation is that as intraoperative radiotherapy is delivered from within the breast the negative effect of radiotherapy to the skin and underlying breast tissue is therefore minimised. This result is in line with our previously reported findings of the TARGIT trial showing that radiation toxicity was more frequent in the EBRT group than in the TARGIT group [4] .
Furthermore, it is known that radiation-induced changes in colour (e.g. dyspigmentation and telangiectasia) and shape (e.g. breast oedema and fibrosis) depend on the radiation dose as well as the irradiated volume [21] . The increased amount of breast tissue affected by radiotherapy in EBRT compared to the focal nature of IORT probably accounts for a higher degree of fibrosis which consequently leads to significant breast asymmetry (Fig. 4b) .
Changes in the colour appear to be minimal with IORT, which can be explained by the minimal radiation dose reaching the skin [22] . Colour differences between the two protocols are more obvious one year following treatment and gradually decreases until year four when the difference disappears Fig. 4c . Interestingly, recently published results of a multicenter randomized trial comparing 3D conformal radiotherapy-accelerated partial breast irradiation (CRT-APBI) to standard whole breast irradiation show worse cosmetic outcome in patients treated with breast conserving surgery and APBI, attributed to the higher dose to skin with this external beam technique [23] .
Scar visibility in BCCT.core is translated into local colour dissimilarity; the differences we have observed are similar to those of colour. EBRT reaches nonsignificant difference to IORT in scar appearance following year two (Fig. 4d) . Considering that the specimen weight was not different between the two groups, the volume of tissue removed was not causing these differences in cosmetic outcome.
It is noteworthy that, surgeon's experience, tumour site or TARGIT IORT variables (e.g. applicator (obturator) size for delivery of the X-rays) do not vary between the two groups in the setting of this randomised controlled trial and they are not expected to affect the analysis.
One of the limitations of BCCT.core is that the assessment of texture is not possible which, in fact, is a problem for any tool based on photographs. Another possible drawback is the inability to evaluate in three dimensions. 3D evaluation of the aesthetic result has been recently suggested as a more precise method to quantify the effect of breast surgery [24] [25] [26] . Nevertheless, 3D software algorithms have not included features such as skin colour or scar appearance, which significantly influence the breast appearance overall [27] . We believe that inclusion of these parameters in software evaluating the aesthetic outcome of the breast following surgery and radiotherapy is a sine qua non condition. Our group is in the process of addressing these limitations. A recent study evaluating late radiation toxicity after TARGIT has concluded that patients treated with IORT alone have about half the risk for developing higher grade toxicities as compared to standard whole breast radiotherapy [28] . This is the first study reporting an objective assessment of cosmesis in TARGIT with superior aesthetic outcome of TARGIT compared to EBRT, and further reinforces the advantages of using IORT in the treatment of selected women with early breast cancer.
In conclusion, this total objective assessment of the aesthetic outcome of patients in a randomised setting demonstrates that those treated with TARGIT have a superior cosmetic result to those patients who received conventional external beam radiotherapy.
